A convenient, environmentally friendly and mild green synthesis of imidazolidine-2-thiones, hydantoin and thiohydantoin derivatives was developed by the one-pot reaction of benzils, urea or thiourea derivatives, and strong base at with grinding. The key advantages are the short reaction times, excellent yields, simple workup, and easy purification in the solvent-free condition. The present method aimed to overcome the limitations and drawbacks of the reported methods such as hard work-up, low yield, hazardous solvent and long reaction time.
Introduction
The imidazolidine-2,4-dione (hydantoin) and 2-thioxoimidazolidin-4-one (thiohydantoin) are a common 5-membered ring containing a reactive cyclic urea or thiourea core. They have a number of biological activities as antiarrhythmic, anti-inflammatory, antitumor, and antidiabetic properties, as well as the herbicidal and fungicidal activity [1] - [6] . In recent years, considerable efforts have been devoted to the development of novel and more efficient methods for the preparation of hydantoin and thiohydantoin derivatives. Besides conventional multi-OALibJ | DOI:10.4236/oalib. 1100705 2 October 2014 | Volume 1 | e705 step methods, one-pot, solid-phase and microwave-assisted approaches have been published [7] - [11] . As a part of our current studies on the development of new routes in heterocyclic synthesis [12] - [14] , we now report here a novel and efficient method for the solid-phase synthesis of imidazolidine-2-thiones 3, hydantoins and thiohydantoin 4. Scheme 1 illustrates the synthesis of imidazolidine-2-thiones 3, hydantoins and thiohydantoins 4. All these facts prompted me to find an ecofriendly new method and to employ grinding for the synthesis of the of imidazolidine-2-thiones a-c, hydantoins and thiohydantoins 4a-y in a solvent-free environment ( Table 1) .
Results and Discussion
The synthesis of a number of imidazolidine-2-thiones 3, hydantoins and thiohydantoins 4 has been reported. The compounds of type 3 and 4 have been prepared by reacting benzils 1 with urea and thiourea derivatives 2 in the presence of strong base in solvent under reflux or solvent-free under microwave irradiation [7] - [14] . The reaction proceeded spontaneously under Solvent-Free and Grinding Conditions, and was completed within a few minutes. The 1 H and 13 C NMR spectra of the crude products clearly indicated the formation of 3 and 4. The structures of compounds 4a-4y were deduced from their elemental analyses and their IR, 1 H NMR, and 13 CNMR spectra. The mass spectra of these compounds displayed molecular ion peaks at appropriate m/z values. Any product other than 3 and 4 could not be detected by NMR spectroscopy.
The structure 3 and 4 was assigned to the isolated products on the basis of their elemental analyses and IR, 1 H, and 13 C NMR and mass spectral data. Thus, the 1 H NMR spectrum of each of the isolated products 4 exhibited two NH proton signals at about 9.0 -12.5 ppm. Further evidence was obtained from the 13 C NMR spectra, which displayed C=O and C=S carbon signals at about 160 -185 ppm. The aryl residues gave rise to characteristic signals in the aromatic region of the spectrum.
A plausible mechanism for the formation of hydantoins and thiohydantoins 4a-4y has been reported in the literatures [10] .
Conclusion
In conclusion, we have developed a simple, rapid, efficient and "green" synthesis of hydantoins and thiohydantoins in solvent-free conditions. Grinding has been applied to the reaction mixtures containing benzils and urea or thiourea derivatives, which allow me to achieve hydantoin and thiohydantoin derivatives in a good yield, low cost, simple workup, easy purification and short reaction time. This convenient procedure will allow a further increase of the diversity within the hydantoin and thiohydantoin family.
Experimental
Urea and thioureas 2 and sodium hydroxide were obtained from Fluka and were used without further purification. Benzils 1 was prepared by known methods [15] . Melting points (uncorrected) were measured on an Electrothermal 9100 apparatus. Elemental analyses for C, H, N and S were performed using a Heraeus CHN-ORapid analyzer. The experimental data were in good agreement with the calculated values.
1 H and 13 C NMR spectra (CDCl 3 ) were measured with a Bruker DRX-500 Avance spectrometer. IR spectra were recorded on a Shimadzu IR-460 spectrometer.
General Procedure for the Preparation of 4
A mixture of 1 mmol of 1 and 2 mmol of urea or thioureas were placed into a mortar, 0.080 g (2 mmol) of sodium hydroxide was added, and the mixture was thoroughly mixed in by grinding until the completion of reaction as indicated by thin-layer condensation (TLC). The hot mixture was then poured into ice water, and the pre- 1 H, s, NH) . 13 
